Atrial fibrillation (AF) has become the most prevalent arrhythmia and it will increase the risk of ischemic stroke, heart failure, mortality, sudden cardiac death, myocardial infarction, and dementia. Stroke prevention with oral anticoagulant is crucial for management of AF patients. Vitamin K antagonist, which inhibits the clotting factors II, VII, IX and X, has been recommended for stroke prevention for decades. Non-Vitamin K antagonist oral anticoagulants (NOACs), including dabigatran, rivaroxaban, apixaban and edoxaban are at least as effective as warfarin in reducing ischemic stroke with a lower rate of major bleeding. With the increasing prevalence of AF, prescription of the appropriate oral anticoagulants (OACs) according to patient's characteristics becomes a challenge. This review article aims to provide an overview of anticoagulant use in AF patients with difficult scenarios.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia in clinical practice, with a potential for blood stasis and increased risk of thrombus formation particularly in the left atrial appendage, resulting in hospitalizations, hemodynamic abnormalities, and thromboembolic events [1] . The current prevalence of AF is about 1% in the general population, increases with age [2] , and is estimated to reach 4.01% in 2050 [3] . In 2011, the lifetime risk of AF was reported to be about 1 in 7 for subjects aged N20 years [3] . In comparison to patients without AF, AF increases the risk of ischemic stroke (adjusted hazard ratio [aHR] = 3.34), heart failure (aHR = 3.31), mortality (aHR = 2.61), sudden cardiac death (aHR = 1.83), myocardial infarction (aHR = 1.62) and dementia (aHR = 1.56) [3] . Oral anticoagulants (OACs) reduce the risk of ischemic stroke in patients with AF who have an additional stroke risk factor. Warfarin is a vitamin K antagonist that inhibits the synthesis of clotting factors II, VII, IX and X and has been used for prevention of ischemic stroke in patients with AF [4] . However, warfarin is prone to several drug and food interactions, which needs blood testing to maintain the international normalized ratio (INR) within the therapeutic range.
Non-Vitamin K antagonist oral anticoagulants (NOACs) directly target the specific clotting factor. The factor Xa inhibitors and direct factor IIa (thrombin) inhibitors have a more predictable anticoagulant effect, that does not require regular monitoring. Four large international phase III randomized controlled trials have demonstrated that compared with warfarin, these four NOACs are non-inferior or superior for prevention of stroke and systemic embolus and reduce the risk of intracranial hemorrhage [5] [6] [7] [8] [9] . Current guideline [1] suggests that anticoagulation should be considered for patients with AF with a CHA2DS2-VASc score of 1 or more for men or 2 or more for women. The HAS-BLED scoring system can be used to estimate the risk of bleeding with OACs. Nevertheless, OACs should not be withheld unless the risk of bleeding is unacceptably high.
With the increasing number of AF patients, prescription of the appropriate OACs according to patient's characteristics becomes a challenge. This review article aims to provide the evidence of warfarin and NOACs in AF patients with difficult scenarios and Tables 1 and 2 summarize those clinical studies.
Elderly patients
According to the ATRIA study [2] , the prevalence of AF was 0.95% and it increases to 9.0% in persons aged 80 years or older from 0.1% among adults younger than 55 years. Symptomatic cerebral infarction was 2.4 times more common in older patients with paroxysmal AF than in older patients with sinus rhythm [10] . The risk of intracranial hemorrhage (ICH) in anticoagulated patients increases with advancing age [11] , with mortality rates in excess of 50%, three times higher than IJC Heart & Vasculature 20 (2018) 56-62 that of ischemic stroke. Thus, aging is a risk factor for ischemic stroke and ICH in patients with AF and attention should be paid to balance the risks of bleeding and thrombosis.
In the RE-LY (Randomized Evaluation of Long Term Anticoagulant Therapy) trial, which enrolled N7200 elderly patients (≥75 years), dabigatran 110 mg bid was associated with a similar risk in patients aged ≥75 years compared with warfarin [5] . However, a non-significant higher risk of major bleeding was observed in patients aged ≥75 years with dabigatran 150 mg bid. Both doses of Dabigatran had lower rates of ICH in this trial. One real-world study that included N47,000 AF patients also demonstrated the same results [12] . In elderly patients (≥75 years), dabigatran was associated with lower rates of ICH.
In a subgroup analysis of the ROCKET-AF (Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared With Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation) trial [13] , 6229 elderly AF patients taking warfarin or rivaroxaban were compared, and the results showed comparable efficacy and safety of rivaroxaban with warfarin in elderly patients. In a subgroup analysis of the ARISTOTLE (Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation) study, the efficacy of apixaban in reducing the incidence of ischemic stroke was evident in elderly patients. The annual rate of ischemic stroke for apixaban and warfarin in patients was 1.6%/year vs. 2.2%/year, respectively, in patients ≥75 years. Similarly, the safety of apixaban was demonstrated with a rate of major bleeding of 3.3%/year vs. 5.2%/year in patients ≥75 years compared with warfarin [8] . In the ENGAGE AF-TIMI (Effective Anticoagulation With Factor Xa Next Generation in Atrial Fibrillation-Thrombolysis in Myocardial Infarction) 48 trial, 8474 elderly patients (age ≥ 75 years) were enrolled, and after 2.8 years of follow-up, the rates of stroke event was similar with edoxaban versus warfarin, while major bleeding was significantly reduced with edoxaban [14] .
Very elderly patients (age ≥ 90 years) are under-represented in RCTs, and even the largest prospective RCT in elderly subjects (BAFTA trial) only had modest numbers (approx. 10%) of subjects age ≥ 90 [15] . Overall, the BAFTA trial showed that warfarin was clearly superior to aspirin for reducing thromboembolism, with no significant difference in major bleeds or ICH between warfarin and aspirin. Recently, Chao TF et al. [16] investigated the risk of ischemic stroke and ICH of OAC treatment and found that the risk of ischemic stroke was similar between AF patients aged ≥90 years treated with warfarin or NOACs, but the risk of ICH was substantially lower with NOACs. Thus, OACs may still be considered as thromboprophylaxis for very elderly patients with NOACs being the more favorable choice.
Considering the enhanced risk of bleeding and related comorbidities in elderly patients, an individualized case-by-case approach should be chosen, instead of a generalized "one drug fits all" approach. For the NOACs & Warfarin ---Compared with no antithrombotic treatment, OAC reduced ischemic stroke/all-cause mortality rates (HR = 0.55). CKD = chronic kidney disease; CI = confidence interval; eGFR = estimated glomerular filtration rate; ESRD = end-stage renal disease; HR = Hazard ratio; ICH = intracranial hemorrhage; NCB = net clinical benefit; NOAC = Non-Vitamin K antagonist oral anticoagulants; OAC = oral anticoagulants; PCI = percutaneous coronary intervention; RR = relative risk. Bold and italic values indicate statistically significant difference between two groups. elderlies enrolled in the 4 major clinical trials of NOACs, both doses of Dabigatran had lower rates of ICH, but a non-significant higher risk of major bleeding was observed. Rivaroxaban only showed comparable efficacy and safety, while apixaban seemed to reduce both ischemic stroke and major bleeding. As for edoxaban, major bleeding was also significantly reduced.
Patients with chronic kidney disease
The prevalence of AF among individuals with chronic kidney disease (CKD) is much higher than in the general population and increases with age and advancing CKD [17] . In a multiethnic cohort of non-dialysis dependent patients with CKD, the prevalence of AF was 18%; in those older than 70 years, the prevalence was N25% [18] . In a systematic analysis of N25 studies of patients on dialysis, the prevalence of AF was nearly 12% [19] . In general, the presence of CKD is also associated with increased risk of hemorrhagic events, including intracerebral hemorrhage [20] and gastrointestinal bleeding [21] .
As the risk of bleeding increases with the severity of CKD, patients with severe CKD were excluded from randomized phase III trials of OACs for stroke prevention in AF. The use of OACs in these patients is challenging because limited trial data are available to suggest optimal treatment strategies. All NOACs depend on renal clearance to varying degree (dabigatran 80%, rivaroxaban 66%, apixaban 27%, edoxaban 50%), so accumulation in patients with impaired renal function will increase the risk of bleeding.
Warfarin has been shown to reduce ischemic stroke in populations with mild to moderate CKD. Recent observational data from Danish registries [22] concluded that prescription of warfarin in non-dialysis-dependent CKD patients with CHA2DS2-VASc scores N2 was associated with a lower composite risk for fatal stroke and fatal bleeding.
In the RE-LY trial, dabigatran 150 mg bid was demonstrated to decrease the hazard of ischemic stroke among participants with estimated glomerular filtration rate (eGFR) of 30 to 49 mL/min in comparison to warfarin treatment, with similar risk for major bleeding between dabigatran and warfarin. However, dabigatran 110 mg bid versus warfarin had similar hazards of both ischemic stroke and bleeding [23] . In the ROCKET AF trial [7] , patients with eGFR of 30 to 49 mL/min were prescribed 15 mg rivaroxaban daily and the results showed equivalent rates of the primary efficacy endpoint of ischemic stroke and the safety endpoint of major bleeding between rivaroxaban and warfarin.
In the ARISTOTLE trial, among patients with eGFR of 25 to 50 mL/min, apixaban was related to significantly lower risk for major bleeding with equivalent risk for ischemic stroke [24] . In the ENGAGE AF-TIMI 48 trial [14] , among patients in high-dose edoxaban group, 19.5% had an eGFR of 30 to 50 mL/min and received half-dose edoxaban (30 mg daily). In this CKD subgroup, no difference was noted between edoxaban versus warfarin in terms of the efficacy endpoints, but risk for major bleeding and ICH were significantly lower with edoxaban compared to warfarin. In summary, among patients with moderate CKD, all 4 NOACs are generally non-inferior to warfarin in the reduction of ischemic stroke in non-valvular AF, except for dabigatran 150 mg bid, which demonstrated superiority endpoints.
On the basis of pharmacological modelling, rivaroxaban, apixaban and edoxaban (but not dabigatran) have been approved in Europe for thromboprophylaxis in patients with severe CKD (eGFR 15-29 mL/min) not on dialysis, using reduced-dose regimens [25] . Based on pharmacokinetic studies, the US Food and Drug Administration (FDA) also approved the use of reduced-dose dabigatran (75 mg bid) in patients with AF with an eGFR of 15-29 mL/min as well as the use of apixaban (5 mg bid) in patients with AF and end-stage renal disease (ESRD) on dialysis [26, 27] .
Among patients with ESRD with non-valvular AF, the benefit of anticoagulation therapy is controversial due to conflicting evidence demonstrated in observational studies. Data from Danish registries showed a benefit in association of warfarin in reducing ischemic stroke without significant increase in risk for bleeding, accompanied by reduction of all-cause mortality [22] . However, data from a US dialysis registry showed opposite results, warfarin therapy was associated with higher risk for new stroke [28] . In a large meta-analysis that enrolled 56,146 patients with ESRD with AF from 20 observational studies, use of warfarin was not associated with ischemic stroke but was associated with significant all-cause bleeding [29] . The absence of efficacy and the increased bleeding risk gives rise to the question of the role of warfarin for non-valvular AF in patients with ESRD.
Although the 4 NOAC trials excluded patients with ESRD, one observational study concluded that bleeding events were similar between apixaban and warfarin in patients with eGFR b25 mL/min (including those on dialysis) [30] . One recent retrospective cohort study of 25,523 patients with ESRD on dialysis and AF demonstrated that in the matched cohorts, apixaban was associated with a significantly lower risk of major bleeding compared to warfarin [31] . Further clinical studies are needed before routine use of NOACs can be recommended in patients with eGFR b30 mL/min.
Patients with previous intracranial hemorrhage
Although NOACs have a more favorable safety profile than warfarin, the annual risk of ICH among NOAC-treated patients is 0.5% [5] [6] [7] [8] . The acute development of ICH confers a poor prognosis with a high rate of mortality and disability, whether or not a NOAC is used. Patients with AF who survive an ICH are at an increased risk of subsequent ischemic stroke [32] , hence, restarting OAC after ICH should be considered in patients with stable condition. However, patients with prevalent ICH were excluded from randomized clinical trials of OAC for stroke prevention.
In one study of Danish nationwide registries cohort [33] , the authors enrolled patients with incident ICH and stratified those patients according to treatment regimens (no treatment, OACs with warfarin or NOACs, 
Patients with valvular heart disease
Current guidelines suggest NOACs for patients with non-valvular AF and warfarin for "valvular" AF. There is no clear consensus about the term "valvular" AF, however. The 2014 American Heart Association/ American College of Cardiology/Heart Rhythm Society AF guidelines define "valvular" AF related to rheumatic mitral stenosis, a mechanical or bioprosthetic heart valve or mitral valve repair. The 2016 ESC guidelines avoided the term 'valvular AF' and referred simply to 'AF related to hemodynamically significant mitral stenosis or prosthetic mechanical heart valves' [34] .
Current approval of apixaban, dabigatran, edoxaban, and rivaroxaban by European Medicines Agency (EMA) and US FDA only includes the indication of patients with non-valvular AF. Nevertheless, these 4 anticoagulants have data in patients with certain types of valvular AF. The RE-LY trial [5] excluded patients with significant mitral stenosis, prosthetic heart valves, and valvular heart disease (VHD) needing an intervention. A subgroup analysis of the RE-LY trial found that 3950 (21.8%) participants had VHD, and the most common type was mitral regurgitation [35] . Patients with VHD who received dabigatran 150 mg bid had a significantly lower risk of ischemic stroke compared with those who received warfarin, and patients with VHD who received dabigatran 110 mg bid had similar rates of ischemic stroke compared with those who received warfarin, regardless of the treatment assignment.
The ARISTOTLE trial [8] excluded patients with moderate to severe mitral stenosis and mechanical heart valves, but enrolled patients with other types of VHD. Among the participants, 4808 (26.4%) patients had a history of moderate or severe VHD or previous heart valve surgery. The majority of VHD had mitral or tricuspid regurgitation. A subgroup analysis of VHD patients in the ARISTOTLE trial [36] found that patients with VHD treated with apixaban had less bleeding than those with VHD treated with warfarin.
The ROCKET AF trial excluded patients with mitral stenosis or artificial heart valves, but a subgroup analysis in 2003 (14%) patients with significant valve disease, defined as aortic stenosis, aortic regurgitation or mitral regurgitation [37] , found that though risk of ischemic stroke in patients treated with rivaroxaban compared with warfarin were consistent among patients with VHD and without VHD, Rivaroxaban was related to an increased risk of major bleeding compared with warfarin in patients with mitral or aortic regurgitation.
The ENGAGE AF-TIMI 48 trial excluded patients with moderate to severe mitral stenosis or a mechanical heart valve. Among the enrolled patients, 2824 (13%) patients had a history of moderate or severe VHD, and the most common type was mitral regurgitation. The subgroup study [38] reported that in the VHD group, patients treated with both doses of edoxaban had similar rate of ischemic stroke and lower rate of ICH. The low dose arm had lower rate of major bleeding.
About 13% to 26% of patients in the 4 landmark trials had VHD and in the subgroup analysis of these trials, the presence of VHD did not affect the efficacy or safety of NOACs, except for Rivaroxaban, which was related to an increased risk of major bleeding compared with warfarin in patients with mitral or aortic regurgitation. Data from 2 metaanalyses pooling the results from the sub-analyses of the 4 major trials demonstrated that NOACs can reduce the risk of ischemic stroke in patients with AF and VHD compared with those with AF without VHD [39, 40] . Based on these results, patients with AF and specific types of VHD are suitable for anticoagulation with NOACs.
Patients with prosthetic valve
According to 2017 AHA/ACC Focused Update of the 2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease [41] , after the sixth postoperative month, patients with mitral or aortic valve biological replacement in sinus rhythm can be treated without warfarin therapy, in the absence of other thrombogenic condition.
The Randomized, Phase II Study to Evaluate the Safety and Pharmacokinetics of Oral Dabigatran Etexilate in Patients after Heart Valve Replacement (RE-ALIGN) study enrolled and randomized 252 patients with a mechanical bileaflet mitral or aortic valve to receive dabigatran or warfarin [42] . The study was stopped early due to an interim safety analysis that determined that there was excess risk and absence of benefit for the patients in the dabigatran group. Nine (5%) patients in the dabigatran group had stroke while no patient in the warfarin group did. Bleeding occurred in 45 (27%) dabigatran-treated patients in comparison to 10 (12%) patients in the warfarin group. The RE-ALIGN study suggested that dabigatran at the doses studied was less effective than warfarin for stroke prevention in patients with mechanical heart valves and was associated with an increased risk of bleeding. Therefore, dabigatran should not be considered in patients with mechanical heart valves.
A subgroup analysis of patients with bioprosthetic valves enrolled in the ARISTOTLE trial [43] showed that there was no difference in the risk of stroke and major bleeding between the apixaban group and the warfarin group. Another subgroup analysis of patients enrolled in the ENGAGE AF-TIMI 48 trial who underwent a bioprosthetic heart valve replacement N30 days prior to study randomization demonstrated that this subgroup had similar rates of ischemic stroke whether they received edoxaban (30 mg or 60 mg) or warfarin [44] . Patients with bioprosthetic valves treated with edoxaban 60 mg had similar risk of major bleeding as those treated with warfarin, and those who received edoxaban 30 mg had lower risk of bleeding compared with those who received warfarin.
For now, based on the RE-ALIGN study, patients with mechanical valves should receive warfarin treatment. However, the subgroup analysis of the ARISTOTLE and ENGAGE AF-TIMI 48 trials suggested that apixaban and edoxaban were reasonable alternatives to warfarin in patients with AF and remote bioprosthetic valve replacement. These studies paved the way for future studies of routine NOACs use in patients with prosthetic heart valve.
Patients receiving percutaneous coronary intervention
The 2018 Joint European consensus suggested that triple therapy in the form of OAC, aspirin and clopidogrel should be considered for 1--6 months after an acute coronary syndrome (ACS) [45] . The optimal duration of such triple therapy depends on the patient's ischemic and bleeding risks. A NOAC is generally safer than warfarin, with respect to bleeding risk and is the preferred option in the absence of contraindications to these drugs.
The WOEST trial randomized 573 patients who were treated with long-term OACs undergoing percutaneous coronary intervention (PCI) to clopidogrel alone or clopidogrel plus aspirin [46] . Among the enrolled patients, 25% had an ACS. After a median follow-up of 358 days, the combined secondary endpoint of death (myocardial infarction, stroke, target-vessel revascularization, and stent thrombosis) was lower with clopidogrel and OAC (dual therapy), as was the secondary endpoint of all-cause death. The primary endpoint of bleeding was significantly lower with dual therapy compared with triple therapy.
The RE-DUAL PCI (Randomized Evaluation of Dual Antithrombotic Therapy With Dabigatran vs Triple Therapy With Warfarin in Patients with Non-valvular Atrial Fibrillation Undergoing Percutaneous Coronary Intervention) trial enrolled N2700 patients with AF undergoing PCI. Among these patients, dabigatran (110 mg or 150 mg bid) plus a P2Y12 inhibitor was compared to triple therapy (warfarin plus aspirin and P2Y12 inhibitor) [47] . The results demonstrated that both doses of dabigatran reduced the risk of major bleeding, while the risk of stroke was equivalent between dabigatran plus a P2Y12 group and triple therapy group. The risks of MI and stent thrombosis were similar between the dual and triple therapy, suggesting a role for dabigatran plus single antiplatelet therapy (SAPT) in patients with AF undergoing PCI.
The role of rivaroxaban in patients with AF receiving PCI was investigated in the PIONEER AF-PCI (Open-Label, Randomized, Controlled, Multicenter Study Exploring Two Treatment Strategies of Rivaroxaban and a Dose-Adjusted Oral Vitamin K Antagonist Treatment Strategy in Subjects with Atrial Fibrillation Who Undergo Percutaneous Coronary Intervention) trial [48] . Around 2000 Patients were randomized into three groups: rivaroxaban 15 mg once daily plus SAPT for 12 months, rivaroxaban 2.5 mg twice daily plus dual antiplatelet therapy (DAPT) for a duration of 1, 6 or 12 months or triple therapy with warfarin plus DAPT for a duration of 1, 6 or 12 months. The results demonstrated that both doses of rivaroxaban had lower risk of the composite safety endpoint of clinically relevant bleeding in comparison to triple therapy. In terms of efficacy outcomes, both rivaroxaban-based groups were associated with similar risks of ischemic stroke in comparison to triple therapy.
In patients with a low risk of bleeding, triple therapy may be extended to 3-6 months depending on the clinical scenario. After this period of triple therapy, OAC plus aspirin or clopidogrel should be considered for up to 12 months after PCI. After 1 year it is reasonable to maintain OAC alone. In cases of high bleeding risk, dual therapy (OAC plus aspirin or clopidogrel) may be considered from the time of discharge and continued for 1 year, followed thereafter by OAC alone. When NOACs are used, in general, dose reduction below the approved doses for stroke prevention is not recommended.
Patients with cirrhosis
Liver cirrhosis is a late stage of liver fibrosis frequently characterized by thrombocytopenia and coagulopathy which is prone to bleeding events. Nevertheless, the co-existence of AF in patients with liver cirrhosis not only increases the risk of ICH but also increases the risk of ischemic stroke [49] . Therefore the use of OAC in patients with AF and liver cirrhosis remains challenging and judicious decisions are warranted. Randomized clinical trials of NOACs for stroke prevention in atrial fibrillation particularly excluded patients with liver cirrhosis because of a certain degree of liver metabolism present in all NOACs. In one nationwide study using the National Health Insurance Research Database in Taiwan [49] , patients with AF, liver cirrhosis and a CHA2DS2-VASc score ≥2 were divided into 3 groups: no treatment, antiplatelet therapy and warfarin groups. The analysis showed that warfarin use was associated with a lower risk of ischemic stroke and positive net clinical benefit compared with the no treatment group. Therefore, warfarin can be a potential choice of anticoagulant for these patients. However, the recommended cut-off value of INR remains unknown. Table 3 provides an abbreviations/trial acronyms section.
Conclusion
As AF becomes the most prevalent arrhythmia that is associated with an increased risk of ischemic stroke, stroke prevention is crucial for management of AF patients. The NOACs, such as dabigatran, rivaroxaban, apixaban and edoxaban, are at least as effective as warfarin in reducing ischemic stroke with a lower rate of major bleeding. This review article provides the evidence on the performance of NOACs in AF patients with different clinical conditions. Despite the evidence from recent trials, further research is necessary for patients undergoing PCI, bioprosthetic valve replacement, transcatheter aortic valve intervention, Mitraclip and for those requiring long-term antiplatelet therapy over anticoagulation.
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